RAPD and fatty acid profiles, and α-tocoferol contents of the seeds of some Symphytum species were analyzed for their differentiation. Discriminative patterns were found in the examined species. Genotypic characteristics of three Symphytum species were experienced using 20 decamer RAPD primers. The majority of band positions varied between species. The total amplified products of 20 RAPD primers was 247 (average of 12.35 bands per primer), of which 189 bands were polymorphic, corresponding to nearly 76.1% genetic diversity. The number of bands for each RAPD primer varied from 8 (UBC320) to 18 (OPA7). The percent of polymorphic bands ranged from 45.4% (OPJ20) to 93.3% (OPA16). Major unsaturated fatty acids in the seeds were linoleic, γ-linolenic and oleic acids; α-linolenic and eicosenoic acids exhibited lower levels. Variations in quantities and total ratios of fatty acid groups, and α-tocopherol contents were also observed between the species, and the developmental stages of the seeds. Significant differences were found for the whole series of fatty acids between species, in addition to the calculated ratios (p < 0.05). Differences were also significant for fatty acid traits between two developmental stages of the seeds of endemic S. pseudobulbosum (p < 0.05). In some morphological descriptors of the seeds, difference was found at a significant level (p < 0.05). Obtained data based on genetic and biochemical variations seem to be useful for molecular delimitation of Symphytum, in addition to selection of the genotypes expressing a high amount of GLA.
Symphytum species, which are perennial and usually hispid herbs [1a] , with rough, hairy leaves and small bell-shaped flowers (blue, purple-pink, or white), are members of a widely distributed mesophytic genus of the family Boraginaceae found in Europe and western Asia. Turkish species are either rare or very local. Ten of the 20 species recorded in the Flora of Turkey are endemic. Some studies were reported for the revision and taxonomy of Symphytum species in Turkey based on morphological characteristics [1b-1d] . Different types of foliar trichomes and the main anatomical and surface characters of the leaves were reported to be useful for the delineation of Boraginaceae species [2a-2d] . Considerable variation occurring in the cuticle and outer epidermis of the pericarp were also suggested to distinguish Symphytum species, although the structure of the pericarp and seed-coat is more conservative [2e] . Some discriminative patterns based on micromorphological and anatomical features of the leaves [3a] and chromosome counts [3b] were also reported for some Turkish Symphytum species, but no detailed taxonomic parameters were examined for elucidating the species boundaries and their phylogenetic relationships. In the genus Symphytum, a phylogenetic association was first investigated by Sandbrink et al. [3c] . The usefulness of the internal transcribed spacer region (ITS1) of nuclear ribosomal DNA and the more conserved trnL(UAA) intron of the plastid genome have been shown in the systematic and phylogenetic studies at different taxonomic levels of Boraginaceae [4a-4c] . Some consistent phylogenetic relationships with the established association of this family were also suggested, based on DNA sequence data from both plastid and nuclear non-coding regions [5a] . In addition, pyrrolizidine alkaloids and triterpenes in Symphytum species were used as chemotaxonomic markers for determining the origin and infraspecific relations within S. officinale [5b,5c] and S. tuberosum species complex [5d] .
The roots of S. officinale were used in the Middle and New Ages for treating rheumatism and gout [5e]. In the 1960s, this species was cultivated extensively in Japan for medicinal use, as well as for a vegetable and feed for Özcan domestic animals [6a] . Topical preparations of its extracts showing analgesic and anti-inflammatory effects were reported to be used for the treatment of various muscle and joint complaints [6b] .
Many compounds in seeds have been used as biochemical fingerprints for the taxonomy of different plant families. Among them, fatty acids have been widely used, as suggested by Earle et al. [6c] . Fatty acids stored in seeds show characteristic profiles, which provide valuable chemometric data in the phylogenetic relationships and biochemical systematics at different hierarchical levels [6d,6e,7a] . Some unusual fatty acids, such as γ-linolenic acid (GLA) and stearidonic acid (SDA) have also great importance as medicinal and industrial products [7b,7c] . The family Boraginaceae produces valuable quantities of these fatty acids, which could be used as a natural alternative wild resource [8a,8b] . In a few studies, fatty acid profiles of the seed oil of some Symphytum species have been reported, exhibiting rich contents of polyunsaturated fatty acids (PUFA) [9a, 9b] . In Turkey, which is a very important center for this genus, the compositions of the seed oil fatty acids of four Symphytum species have been published, showing high concentrations of GLA [8b].
The variability in the content and composition of tocopherol, which is the major lipophilic antioxidant, particularly abundant in the embryo [10] , has significant chemotaxonomic value at infrafamilial levels of the Boraginaceae [11a] . Fatty acid and tocopherol contents of seed oils have exhibited characteristic profiles useful as chemotaxonomic markers for some plant groups [11b].
The Random Amplified Polymorphic DNA (RAPD) technique is a frequently used tool to establish phylogenetic relationships and genetic variations, even in closely related organisms and cultivars [11c] . To date, no study has been reported on RAPD patterns of Symphytum species for taxonomic differentiations. Molecular relationships are poorly known in this genus. The objective of the present study was to evaluate the potential contribution of RAPD profiles, and fatty acid and α-tocopherol contents of the seeds to taxonomy and genotypic-chemotypic relations of Symphytum, in addition to the characterization of the genotypes having high product potential as complementary sources of phytochemicals for the drug and nutraceutical industries.
Genotypic characteristics of three Symphytum species were evaluated using 20 decamer RAPD primers randomly selected to produce clear and reproducible patterns of multiple bands. The majority of band positions varied between species. Each of the primers produced large numbers of polymorphic bands. All primers used were informative, generating distinctly robust band patterns varying in numbers. The name of each primer, their nucleotide sequences, data on the total number of bands, number of polymorphic bands, and percentage of polymorphic bands obtained for each primer are listed in Table 1 .
The total number of amplified products of 20 RAPD primers was 247 (average of 12.35 bands per primer), of which 189 bands were polymorphic, corresponding to nearly 76.1% genetic diversity. The number of bands for each RAPD primer varied from 8 (UBC320) to 18 (OPA7). Percent of polymorphic bands ranged from 45.4% (OPJ20) to 93.3% (OPA16). Samples of RAPD analyses are shown in Figure 1 .
The highest percentage of polymorphism was observed with primers OPA16 (93.3%), OPA17, OPA8, UBC320 and UBC486, and the lowest with OPJ20 (45.4%), OPA4, OPA2 and OPA3 primers (Table 1) . OPA1, OPA7, OPA8 and UBC 486 are the specific markers for the identification of endemic S. pseudobulbosum.
OPA8, OPA16, OPA17, UBC320, UBC359 and UBC486 for S. ottomanum; and OPA1, OPA4, OPA7, OPA8, UBC320 and UBC486 are also useful key markers. Based on these observations, some specific primers can be selected for sorting specific differences. The dendrogram using RAPD data showed a clear distinction between species. In the UPGMA dendrogram, the cluster formed by S. pseudobulbosum and S. orientale appear to be distinct from that of S.ottomanum (Figure 2 ). The concentrations and some ratios of saturated, monounsaturated and polyunsaturated fatty acid groups exhibited different profiles among the examined species. Interesting differences for the concentrations of the fatty acids were also observed in the seed specimens of S. pseudobulbosum collected at two different times during ripening. All data for the concentrations and the ratios are documented in Table 2 . Major unsaturated fatty acids were linoleic, γ-linolenic and oleic acids; α-linolenic and eicosenoic acids exhibited lower levels. Palmitic and stearic acids showed high levels. The other fatty acids were present in minor concentrations for the investigated species. Linoleic acid in S. ottomanum was determined at the highest level (42.4%). Linoleic, γ-linolenic, oleic, palmitic, stearic, eicosenoic, α-linolenic and erucic acids showed high levels in the ripened seeds of S. pseudobulbosum. Oleic and linoleic acid contents were relatively increased in this species, while γ-linolenic, α-linolenic and palmitic acid levels were decreased in the mature seeds.
Variations in the total ratios of fatty acid groups and some ratios were also observed between the species and the development stages of the seeds. The concentration of polyunsaturated fatty acids, the ratios of unsaturated to saturated fatty acids, poly-to mono-unsaturated fatty acids, linoleic to γ-linolenic acid, linoleic to α-linolenic acid and ω-6 to ω-3 fatty acids exhibited higher values in S. ottomanum compared with the ripened specimens of S. pseudobulbosum. Moreover, saturated and mono-unsaturated fatty acid levels in total were higher in S. pseudobulbosum. Monounsaturated and unsaturated fatty acids in total, the ratios of unsaturated to saturated fatty acids, γ-linolenic to αlinolenic, linoleic to γ -linolenic, linoleic to α-linolenic, ω-6 to ω-3 fatty acids were increased in the ripened stages of the seeds of S. pseudobulbosum, while saturated, polyunsaturated fatty acids and the ratio of poly-to monounsaturated fatty acids were decreased. Similarly, total oil and α-tocopherol concentrations in this species exhibited higher quantities at the later stage of the seeds. Significant differences were found for whole series of fatty acids between species, in addition to the calculated ratios of the fatty acids (p < 0.05). Differences were also significant for the examined fatty acid traits between the two developmental stages of the seeds in S. pseudobulbosum (p < 0.05). Hierarchical cluster analysis was carried out based on the concentrations of 18 fatty acids. S. pseudobulbosum and S. orientale were clustered together, separated from S. ottomanum in the dendrogram using average linkage between groups. Some morphological descriptors of the seeds, including width, length, area and perimeter were examined in three species (Table 3 ). The highest measurement values were detected in S. pseudobulbosum. S. ottomanum showed the lowest measurements, while intermediate values were recorded for S. orientale. Differences were significant among species using all morphological traits (p < 0.05).
In this study, the morphologically related three Symphytum species were evaluated for interspecific variability of the treated parameters. They were characterized from a taxonomic point of view and the real product potential of the whole seeds as a complementary source of phytochemicals for the cosmetic, drug and alimentary/nutraceutical industries . On the other hand, some characteristic differences in fatty acids occurred between species. Up to date, no study on the investigated traits was reported for endemic S. pseudobulbosum and S. ottomanum. High levels of palmitic, oleic, stearic, α-linolenic and eicosenoic acids, and the total sum of saturated and monounsaturated fatty acids in S. pseudobulbosum; linoleic and total polyunsaturated fatty acids in S. ottomanum, and γ-linolenic and total unsaturated fatty acids in S. orientale may be useful chemotaxonomic tools for the characterization of these species. In addition, some ratios of fatty acids as more stable parameters than their quantities should be evaluated for taxonomical differentiations and phylogenetic associations of Symphytum. Quantities of fatty acids and their ratios were reported to provide new insight into he divergence of Boraginaceae at generic and specific levels [8b]. In our observations, the whole series of examined fatty acid quantities is more useful for the segregation at the specific level rather than their ratios, which may be more consistent for higher groupings. The rank of resolution of fatty acid pattern is likely to range from infraspecific [12e,12f] to the family level, but climatic [12f] and geographic conditions [7a,13a] , in addition to crop ripeness [13b], were reported to effect the range of variation of such characteristics. A PUFA ratio of n-6/n-3 in B. officinalis was reported to increase during the growth cycle, while the SDA and ALA contents decreased [13b]. These results were supported by our preliminary investigation of B. officinalis [8b] . α-Linolenic acid (ALA) in the seeds of S. officinale was predominant during the early stages of development, whereas a shift was observed towards GLA, which Özcan formed 26% of the total fatty acids, during maturation [9a] . In the present study, the seed specimens of S. pseudobulbosum collected from the same population at two different stages of development, showed higher ALA levels at the earlier stage of seed development, corresponding with the results of the above studies. However, the GLA level decreased relatively in this species, while the level of linoleic acid increased at the late seed maturation stage. In general, three double bond unsaturated fatty acid concentrations tend to decrease with the ripening of the seeds in S. pseudobulbosum, but one and two double bound unsaturated fatty acids show increasing levels. The ratio of n-6/n-3 in this species dramatically increased as well, similar to the finding in B. officinalis [13b] . The unsaturation level of membrane lipids and the position of double bonds in the fatty acids are important for the regulation of membrane fluidity providing tolerance and acclimatization to environmental stresses [13c]. It was reported for the seed oil of Echium species that substitution of ALA by an increased proportion of GLA may negatively affect the mobilization of triglycerides during seed germination by means of reducing the fluidity with raised melting temperature of the oil [13d.. A decreasing level of GLA during maturation of the seeds of S. pseudobulbosum may provide mobilization of the seed oil in the lower temperature conditions of germination. In response to temperature, fatty acid desaturation of membrane lipids is the result of either the up-or down-regulation of the expression of the desaturase genes [13e], which play an important role during the process of environmental adaptation. Different production and accumulation characteristics of individual fatty acids in the maturation period of the seeds may be an additional biochemical indicator explaining ontogenic and phylogenetic processes. Early maturing stages of the seeds may reflect a common ancestor profile of fatty acids, while the differences in the mature stage may explain taxonomical divergency based on the genotypes. This may be the result of different enzymatic activity of desaturases and elongases encoded by specific genotypes. It was reported that allels of functional D6-desaturase genes differ by only six nucleotide changes [14a] . High accumulation of linoleic acid and reduced quantities of GLA in the late stage of seed ripening may be the result of the decreasing activity of δ-6-desaturase during the maturation period of S. pseudobulbosum. A possible explanation for the low conversion of LA to GLA in the late stage is that the initial enzyme, D6 desaturase, is rate limiting in this species. Accumulation of very long chain fatty acids, apart from C18, was at very low levels in the examined Symphytum species. It was reported that metabolic pathways to produce PUFA with 20 or more carbons are lacking in higher plants, and thus variable amounts of LA, ALA, GLA and SDA accumulate in plant tissues as terminal fatty acid metabolites [14b] . ALA and LA are the precursors of two families of PUFA. Low levels of ALA in Symphytum species account for the non-detectable levels of stearidonic acid (SDA). The linoleic acid pathway (ω-6) is likely to be more active than that of ALA (ω-3) in this genus. Interest in new sources of edible and novel oils has recently grown, because no oil from any single source has been found to be suitable for all purposes. For the production of quality oil, maximum ripening of the seed and the culling of immature seed are important considerations. GLA and polyunsaturated fatty acid contents of immature seeds of S. pseudobulbosum are interestingly higher than those of the mature specimens. Symphytum species in the present work exhibited higher levels of GLA in comparison with Borago officinalis, which is used for the traditional production of this fatty acid [9b] . According to the National Health and Nutrition Examination Survey (NHANES, 1999 (NHANES, -2000 for the US population, the mean PUFA intake for men is 20 g/day and that for women 16 g/day (age range 20-59 years). The mean intake of LA for men is 17.9 g/day and that for women 13.5 g/day. On the other hand, the mean intake of ALA is 1.7 g/day for men and 1.3 g/day for women (20-59 years) [14c] . Symphytum species in the present work showed valuable concentrations of linoleic and γ-linolenic acids, indicating the oils potential as novel and alternative seed oils.
The content and composition of tocopherols for assessment of seed oils are further important criteria. Tocophorols were found mainly in leaves and seeds. Inhibition of lipid peroxidation and scavenging of reactive oxygen are the antioxidant function of tocopherols [14d]. Therefore, identifying the genes involved in tocopherol biosynthesis is currently aimed to improve vitamin E levels in crop plants by metabolic engineering [15] . There are certain differences in the tocopherol composition of the different seed oils. The tocopherol profiles of some plant families, for example Brassicaceae [15] , Onagraceae [12], Boraginaceae [11a] , Orobanchaceae [11b], and Linaceae [17a] were reported as biochemical markers to be used to confirm phylogenetic and taxonomic relationships. The content of single tocopherols and the quantitative ratio between them in seed oils of different plant species are representative and related to the similar habitats of the species. In barley, tocochromanols and lipids accumulated in parallel until they formed 80% of the final dry weight of the kernels during the development of the caryopses. At the late stage of grain development the lipid content decreased, whereas the tocochromanol content did not [17b] . In our observation, consistently increasing levels of tocopherol (1.13-3.56 mg/100g) and total oil contents (9.70-24.40 g/100g) were found in S. pseudobulbosum during the maturation period.
Accumulation characteristics and the ratios of tocopherols and fatty acids in the seed oils as a multiple marker set may exhibit stricter resolution among plant groups. Variation of tocopherols was reported to be relatively small and seemed to be independent of environmental influences resulting from different cultivation sites of Capparis species [17c]. There are significant genotype differences between oat and barley varieties [18] , and Brassica germplasm [19] with regard to their tocochromanol contents. However, internal and environmental factors should be evaluated for the accumulation of tocochromanols and lipids. The relatively higher PUFA content of Symphytum seed oils could make them susceptible to oxidation. Compared with S. ottomanum (1.73 mg/100g), endemic S. pseudobulbosum expressed the higher concentration of α-tocopherol in the ripened stage of the seeds (3.56 mg/100g), implying its higher oil stability to oxidation. γ-Tocopherol in non-photosynthetic tissues frequently predominates and is reported to be involved in the prevention of autooxidation of polyunsaturated fatty acids [14d] . The amounts of tocopherol in seed oils of the investigated Symphytum species are comparable to those found in other commonly used seed oils, such as sunflower, rapeseed [15], blackthorn [19b] , rice bran, hemp and olive oil [20a] . When comparing the daily adequate intakes (AIs) and recommended dietary allowances (RDAs) of vitamin E as 4-15 mg/day, Symphytum seed oils exhibited very high levels of αtocopherol for the dietary reference intakes [20b] . High amounts of naturally occurring tocopherols are valuable for the stabilization of fats and oils against oxidative deterioration in dietary, pharmaceutical and biomedical products. Thus, Symphytum seed oils are an alternative source of α-tocopherol and essential fatty acids, which may exhibit natural stability characteristics in commercial products.
Molecular markers, including RAPD, provide powerful tools for revealing genetic variability within populations and between individuals. The RAPD technique, which can produce many polymorphic bands, has been extensively used to evaluate genotype identification, inter-and intra-specific relationships, and phylogenetic and population genetic studies in many plant groups [20c,21] . RAPD has also made a major contribution to plant improvement. Although there is a rich diversity of Symphytum in Anatolia, no previous taxonomic analyses have been carried out based on the genotypic and chemotypic diversity of Turkish Symphytum species. Additionally, it is needed to identify genotypes showing high product potential of fatty acids for further selection and management of germplasm. The present work is the first assessment of this genus from the point of view of these aspects. RAPD, as a multi-locus method using the whole genome in the present work, was applied to assess the degree of polymorphism and interspecific variability of Symphytum. The primers used in this study were found useful for identifying the genotypes of investigated Symphytum species. Despite some morphological similarity, diversity was exhibited in the extensive polymorphism at the DNA level. Analysis with random markers of the total genome of the seeds clearly separated S.ottomanum from S. orientale and S. pseudobulbosum. It was indicated that endemic S. pseudobulbosum is most closely related to S. orientale, which is supported by the fatty acid data. The results suggested that this endemic species, having small populations, occurring on the edge of a large distributional zone of S. orientale, may be the locally isolated divergent form of this last species. S. pseudobulbosum has two disjunct population in A1(E) and A2(A) according to the grid system of Turkey. Such a characteristic may be the result of the disjunction of a preliminary continuous population by means of a change in some paleoclimatic or environmental condition, in addition to lack of means of dispersal of its larger seeds compared with S. orientale. Besides some morphological differences, the ratios of γ-linolenic/αlinolenic, linoleic/α-linolenic and ω-6/ω-3 fatty acids, and genotypic distinctions between the two species demonstrated with OPA1, UBC320, UBC486, UBC541 and UBC561 may be also related to desaturase genes. In RAPD based phylogenetic analysis, these two species grouped in the same cluster in the dendrogram showing their close relationship. However, S. ottomanum fell into a separate branch indicating its distinctiveness. This species, distributed in the Balkans and NW Turkey, exhibited relatively different patterns of RAPD and FA. The investigated Symphytum species showed characteristic RAPD patterns for their genotypic identification.
Determination of genetic and biochemical variations and their relationship provide valuable data for the chemotaxonomic and molecular delineation of Symphytum. Multi-marker models using genotypechemotype relationships can also explain phylogenetic associations and gene-product characteristics most accurately. The obtained data are useful for the characterizeation and selection of the genotypes expressing high amounts of seed oil and GLA as alternative potential sources for the traditional production of this fatty acid. Preparing a database of Symphytum germplasm based on RAPD and fatty acid patterns is also needed for determining the genotypes adapted to the large range of ecological conditions in Anatolia. Aznav. (1903, p.588) and S. orientale L. (1753, p.136) were collected from 20-25 individuals of their native populations distributed in A1(E), A2(A) and A2(E), respectively, according to the grid system of Turkey. Seed samples of S. pseudobulbosum were picked at 2 different ripening stages, in April and May. The results for oil contents and fatty acid composition of the seeds of S. orientale were taken from our preliminary research [30] . The seed materials of this species for determination of α-tocopherol content and RAPD profile were collected from the same population. Collected specimens were transported to the laboratory in polypropylene bags and kept at -18°C until analyzed.
Experimental
Analytical methods: High quality genomic DNA, free from polysaccharides and polyphenols, was extracted from Symphytum seeds according to Khan et al. [22] . The quality of DNA for PCR was tested with the specific primers of the gene sequence of 18S ribosomal RNA. PCR conditions were optimized by determining the most appropriate concentrations of template DNA, Taq DNA polymerase and Mg concentration required to generate repeatable PCR amplification profiles. 20 random 10mer primers from OPA, OPB, OPJ (Operon Technologies, USA) and UBC were utilized on the basis of good amplification and clarity of bands. Primers produced robust bant amplifications and no band was detected in any negative control amplification. PCR amplification was performed in mixture; Tris-HCl and MgCl 2 buffer, pairs of primers, dNTPs, DNA template, Taq DNA polymerase. PCR conditions were: 4 min at 94 o C, then 40 cycles of denaturation (30 s at 94 o C), annealing (1 min at 36 o C) and extension (2 min at 72 o C), followed by a final elongation step at 72 o C for 10 min. Amplified products were resolved by electrophoresis with 1.5% agarose gel and TBE (Tris-Borate) as mobilizing buffer, and stained with ethidium bromide. Bromophenol blue and xylene cyanol were used in gel loading buffer. The size of the amplification products was estimated from 50 bp DNA ladder (GeneRuler).
Total oil content was determined by use of a Tecator Soxtec System HT. Powdered material from each sample (3 g) was added to an oil cartridge (W1) and 25-50 mL diethyl ether was placed in a weighed extraction pot (W2). Extraction was carried out for 15 min with rinsing for 30-45 min. The extracted seed meal was thoroughly air dried, to remove traces of solvent in the system, and dried at 105°C. The pots were placed in desiccators, cooled, and weighed (W3). The amount (%) of oil was calculated using the equation: %Oil = [(W3 -W2)/W1]x100. The oil was transferred to sealed amber glass bottles, which were capped and stored at -18°C until analyzed. The IUPAC standard method was used for preparation of the fatty acid methyl esters (IUPAC, 5th edn Method II.D.19). Approximately 0.150 g powdered material from each sample was added to 5 mL 0.5 N NaOH in 50% aqueous methanol in a glass flask and incubated at 100°C for 15 min in a water bath for saponification. The sample was then boiled for 5 min with addition of 5 mL BF 3 and for 1 min with 2-5 mL n-heptane. The mixture was then placed in a glass 25 mL flask and washed with saturated NaCl. The heptane phase (1-2 mL) was transferred to a tube and a small amount of anhydrous Na 2 SO 4 was added. The solution obtained was injected for GC analysis. The methyl esters of the fatty acids were quantified, by Standard methods, by use of a Perkin Elmer AutoSystem XL Gas Chromatograph equipped with an SP-2330 fused-silica capillary column (30 m, 0.25 mm i.d., 0.20 µm film thickness). Oven temperature was held at 120°C for 2 min then increased at 5°C/min and held at 220°C for 15 min. Injector and flame-ionization detector (FID) temperature were 240 and 250°C, respectively. Helium (10 psi) was used as carrier gas. Split flow, split ratio, and sample injection were 75 mL/min, 1/50, and 0.5 µL, respectively. Identification and quantification of fatty acid methyl esters (area percent) were accomplished by comparing the relative retention times of the peaks with those of authentic standards .
Extraction and preparation of samples for the determination of α-tocopherol was performed according to the procedure of Manz & Phillipp [23] and AOAC 2000 Official Method (992.03., 985.30) . Homogenized seed samples in a glass flask were boiled in 50 mL methanol-ascorbic acid solution under nitrogen. KOH solution (5 mL) was added, mixed, shaken and boiled for 20 min. The saponified sample, at room temperature, was shaken with 20-50 mL H 2 O and then 70 mL diethyl ether. The 2 phases were separated after vigorous shaking for 1 min. The supernatants were recovered after each of 3 repeat extractions. The volume was made up to 250 mL with diethyl ether. H 2 0 (30-50 mL) was added for neutralization of the sample medium containing KOH, and then Na 2 SO 4 was added. An aliquot of this sample was placed into a volumetric flask and the diethyl ether was evaporated at 50°C. The residue was dissolved in 10-50 mL n-hexane. Highperformance liquid chromatography (HPLC) was operated with 97% n-hexane (Merck no 104391) and 31% 4-Dioxane (Merck no 103115) as mobile phase. Injection volume was 50 µL. Helium, as the carrier gas, was used at a flow rate of 1 mL/min. Detection was carried out at 293 nm excitation wavelength and 326 nm emission wavelength using a silica gel packet column, 25 cm x 4.6 mm i.d. diol phase column connected to a fluorescence detector F-1000 (Merck). Quantifications were accomplished by comparing the area of peaks with authentic standards (Merck).
Data analysis:
Biometric measurements of the seeds based on width, length, area and perimeter for the 3 species were carried out using image analysis software (Olympus Analysis Five Rular). Statistical analysis of the experimental results was carried out at the p < 0.05 significance level (SSPS 10.0). A pair-wise similarity matrix of the RAPD band scores was computed and analyzed with NTSYSpc version 2.01. (Numerical Taxonomy and Multivariate system program) in order to construct a dendrogram by the un-weighed pair-group method,, with arithmetical averages (UPGMA).
